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No caption a... crestal bone loss of about 2 mm will occur with the submerged, two-piece approach, dependent on the location of the microgap, and that minimal-to-no resorption will occur with non-submerged, one-piece implants. 4, 5 In these implants, no gaps exist at or below the alveolar crest. 4 The precise mechanisms of the bone resorption and deposition around dental implants is not yet completely known. 1 This bone loss may result from implant design, density of bone, surgical trauma at implant insertion or at second-stage surgery, occlusal overload, apical migration of crevicular epithelium in an attempt to isolate bacterial-induced infection or to establish a biological width, bloodsupply interruption, or development of a pathogenic bacterial biofilm. 2-4,6-8 Hoshaw et al 1 found that there was an increased bone resorption around the neck of the loaded implants, and suggested that crestal bone resorption is related to overload and to damage of the supporting interfacial bone. Other researchers have reported that bone loss around implants is often related to excessive stresses that overload the bone. 6,9-11 In an experimental study using static and dynamic loading, Duyck et al 12 found that there was a significantly higher marginal bone loss around the dynamically loaded implants, and that bony craters and Howship's lacunae were signs of bone resorption in the neck area around the implants. However, the regions of lower stresses around the partially porouscoated implants corresponded to the areas of crestal bone loss in animal studies, and in these cases the bone loss may be due to bone disuse atrophy. 2,3 It must also be considered that a biologic width exists around implants. This biologic width will form at implant placement and is not correlated to implant loading. 13 It has been hypothesized that a certain width of the peri-implant mucosa is required to enable a proper epithelial-connective tissue attachment and, if this soft tissue dimension is not satisfied, bone resorption will occur to ensure the establishment of attachment with an appropriate biological width. 14,15 This biological width is a physiologically formed and stable dimension as is found around teeth. [16] [17] [18] [19] The significance of the existence and location of a microgap between implant components is not well studied or understood. The bone exposed to the oral cavity will cover itself with periosteum and connective tissue, and the connective tissue will then be covered by epithelium. 13 Hermann et al 4 reported that their results clearly show that bone loss resulted from the creation of a microgap. The crestal bone will resorb and create a distance from the bacteria eventually present in the microgap. 13 Callan et al 7 found that approximately 4.2 years after prosthetic restoration, bone loss of more than 3 mm was observed in implants of different types (threaded, cylinder, basket) where the microgap was located in a subgingival position, whereas completely different results were obtained when the location of the microgap was at or above the gingival margin.
The aim of this study was to histologically evaluate the crestal bone response to loaded and unloaded implants and to the microgap in beagle dogs.
Materials and Methods TOP
Sandblasted and acid-etched implants (Bone System, Milano, Italy) were placed in the mandible of six beagle dogs (three males and three females) of at least 18 months of age. These are root form, threaded implants with an long pitch between spires; the connection between implant and abutment is made through an internal hexagon. The two premolars and the first molars had been extracted 3 months previously. Each dog received 12 implants in the mandible (six on each side), and a total of 72 implant were used in this study. The distance between the implants was at least 4 mm. All surgical procedures were performed using general anesthesia (premedication with 0.5-mg/kg acepromazine subcutaneously; anesthesia with 15-mg/kg Nembutal intravenously) and antibiotic prophylaxis. The implant sites were prepared with drills under generously chilled saline irrigation. The implants were then inserted with a tapping instrument. All implants were placed in a submerged approach and the top of the implant (microgap) was located clinically at the alveolar crest. The mucosal tissues were sutured with 3-0 silk sutures. In the first 2 postsurgical weeks, the oral cavities were rinsed daily with chlorhexidine-digluconate 0.12% (Peridex, Procter & Gamble, Cincinnati, OH) and the dogs were fed a soft-food diet. The sutures were removed after 1 week. An oral hygiene regimen consisting of plaque removal three times a week with a soft toothbrush and 0.2% chlorhexidine (Peridex, Procter & Gamble) was instituted. Three months after implantation, second-stage surgery was performed for abutment (36 implants) or healing screws (36 implants) connection. After a midcrestal incision, the peri-implant soft tissues were evaluated with exposure of the peri-implant bone crest and healing screws were inserted in the right mandible while abutments and prosthetic superstructures were placed in the left mandible. No postoperative complications or deaths occurred. Dogs were killed with an overdose of intravenous pentobarbital after 6 months (three dogs) or 12 months (three dogs). All 72 implants were retrieved. The implants were divided into four groups: implants with healing screws after 6 months (group I); implants with healing screws after 12 months (group II); implants with abutments after 6 months (group III); and implants with abutments after 12 months (group IV).
Processing of Specimens TOP
The specimens were retrieved and stored immediately in 10% buffered formalin and processed to obtain thin ground sections with the Precise 1 Automated System (Assing, Rome, Italy). 20 The specimens were dehydrated in an ascending series of alcohol rinses and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany). After polymerization, the specimens were sectioned longitudinally along the major axis of the implant with a high-precision diamond disc at about 150 μm and ground down to about 30 μm. Three slides were obtained for each implant. The slides were stained with basic fuchsin and toluidine blue. A double staining with von Kossa and basic fuchsin was performed to evaluate the degree of bone mineralization, and after polishing, one slide per implant was immersed in AgNO3 for 30 minutes and exposed to sunlight. The slides were then washed under tap water, dried, immersed in basic fuchsin for 5 minutes, and then washed and mounted.
Histomorphometry of percentage of bone contact was carried out using a light microscope (Laborlux S, Leitz, Wetzlar, Germany) connected to a high-resolution video camera (3CCD, JVC KY-F55B) and interfaced to a monitor and PC (Intel Pentium III 1200 MMX). This optical system was associated with a digitizing pad (Matrix Vision GmbH) and a histometry software package with image-capturing capabilities (Image-Pro Plus 4. The differences in the crestal bone remodeling in the groups were evaluated with the analysis of variance, and significance was evaluated with Student-Newman-Keuls test for multiple comparisons. The percentage of bone-implant contact is expressed as a mean ± standard deviation and standard error. Statistically significant differences were set at P < 0.05.
Results

TOP
Unloaded Implants TOP
Group I (healing screws: 6 months). TOP
The implant surfaces were in close contact with mature bone with large marrow spaces. Many multinucleated osteoclasts were observed at the level of the crestal bone actively resorbing bone (Fig. 1) . In the area of the cover healing-implant microgap, many lymphocytes and plasma cells were present. The dimensions of sulcular epithelium, junctional epithelium, and connective tissue contact area were 0.6, 1. 
. Loaded implant (12 months). Vertical bone loss is present w Loaded implant (12 months). At higher magnification, it is possible to observe an osteoclast resorbing crestal bone. Toluidine blue
Group II (healing screws: 12 months). TOP
The bone in contact with the implant surface was more mature and with large marrow spaces. A 2.09 ± 0.42 vertical bone loss in the cortical bone in coronal area was present (Fig. 2) . The dimensions of sulcular epithelium, junctional epithelium, and connective tissue contact area were 1.0, 1.1, and 1.3 mm, respectively.
Loaded Implants TOP
Group III (abutment: 6 months). . TOP
At low magnification, it was possible to observe that bone was in close contact with the implant surface, and no gaps were present at the bone-implant interface. In the most coronal area, it was possible to observe a vertical bone loss with the presence of a few osteoclasts actively resorbing bone (Fig. 3) . The dimensions of sulcular epithelium, junctional epithelium, and connective tissue contact area were 1.2, 1.1, and 1.2 mm, respectively. The mean distance between the top of the implant and the crestal bone (bone loss) was 1.32 (SD 0.35) mm.
Group IV (abutment: 12 months). TOP
In the apical area, the presence of bone in close contact with the implant surface was observed. No connective tissues were present in the apical area. In the coronal area, it was possible to observe osteoclasts actively resorbing bone (Figs. 4 and 5) . The dimensions of sulcular epithelium, junctional epithelium, and connective tissue contact area were 1.1, 0.9, and 1.2 mm, respectively. The mean distance between the top of the implant and the crestal bone (bone loss) was 2.21 (SD 0.35) mm.
Statistical Evaluation TOP
No statistically significant differences were found in the amount of bone loss between test and control implants both at 6 and 12 months ( Tables 1 and 2 ). However, statistically significant differences were found, in both groups, between bone loss observed at 6 months and that found at 12 months (Tables 1 and 2 
Discussion TOP
The precise mechanism responsible for the crestal bone remodeling in two-piece implants is not known. 4 At present, little is known about the impact of loading on the peri-implant bone. 10 Excessive load can trigger bone resorption due to the production of bone microdamage with the creation of craterlike bone defects lateral to the implants. 12 In our specimens, no statistically significant differences were found in the vertical bone resorption in loaded and unloaded implants at 6 months (1.32 versus 1.24 mm) and at 12 months (2.21 versus 2.09 mm). The vertical bone loss increased from 6 to 12 months only as a function of time. These results support previous studies that found that for all two-part implants, the bone crest level changes seem to be dependent on the location of the microgap, with a distance between the microgap and the most coronal bone-implant contact being approximately 2.0 mm. 4 The significance of the existence and location of a microgap between implant components is not well studied or understood. 4 The reason for the reaction to the presence of a microgap is not known, but, as we have already pointed out, it could be related to the presence of a contamination by bacteria present at the implant-abutment interface or to micromovements of the implant abutment interface. 17 Gaps and cavities have been described in two-piece implants, even where good marginal fit of implant components is present. These hollow spaces can be a trap for bacteria, which might cause inflammation in the peri-implant soft tissues. 21- 25 The existence of bacterial leakage both at the junction between the abutment and the fixture as well as along the abutment screw has been reported. 22 The microorganisms found inside the implants might be associated with the bone loss observed during the first This resorption is not observed around sleeping implants where both exposure to microbial colonization and loading are absent. 25 The size of this microgap could be significant, as well as the presence of movements between implant and abutments. 26 In a recent study, Hermann et al 26 demonstrated that no significant difference in the amount of the crestal bone could be attributed to the size of the microgap, but that welding the abutment to the implant (with a laser) resulted in significantly lower bone resorption. The movements between abutment and implants, in addition to microbial contamination, also seemed to influence crestal bone resorption. It has been shown that an inflammation results if the abutment loosens on the implants placed in a submerged approach, with possible fistula formation. Tightening the abutment eliminates this fistula. 4 Moreover, in cases of movement of the abutment, the epithelium could attach to the stable implant rather than to the abutment. 4 In previous studies, the epithelial attachment was more apical and always located below the microgap in submerged implants. 16, 27 The epithelium could migrate beyond the bacteria and the microgap in an attempt to isolate the infection. This proliferation of the epithelium and subsequent response to reestablish the dimension of the biological width could be responsible for the approximately 2 mm of distance that is present apical to the microgap. 4,28
Conclusion TOP
Our data do not seem to support a role of loading in the peri-implant bone resorption that is observed during the first year of function. No statistically significant differences were found in the amount of bone loss in loaded and unloaded implants. On the contrary, the amount of bone loss found at 12 months was strikingly similar (2.21 and 2.09) to the 2 mm reportedly found between the microgap and the most coronal bone-implant contact. 4 Additional studies must be performed to better understand the mechanisms underlying peri-implant bone resorption.
